Abstract. Earned value management lacks research on the project completion trend forecasting method at the following two points: The project completion trend forecast is based on the state indicators at the project monitoring point, and the project execution efficiency before the monitoring time point is rarely considered; the project performance evaluation index How to reduce the non-efficiency noise caused by uncontrollable factors in the existing prediction methods when singularities occur. The above issues will affect the accuracy and stability of the earned value management forecasting system. This paper attempts to introduce the Kalman filtering method (KFFM) into the earned value management completion prediction calculation, and comprehensively considers the project execution efficiency in the logical order of "prediction-measure-correction", and improves the prediction accuracy through dynamic correction of cost/progress indicators. And effectively reduce the impact of the earned value management forecasting system due to singularities.
Introduction
All The earned value method is a relatively common method of project integration management in the world. It is a project management technology that integrates monitoring and evaluation of cost and schedule. However, the earned value management forecasting method shows some limitations in current research and practice, such as the accuracy of the prediction results is not high, the method is only static prediction cannot be dynamically predicted, and the method can not consider other factors such as quality. Therefore, domestic and foreign scholars have carried out a series of improved research on the defects of earned value management prediction. Suqrat Babar [1] pointed out that traditional earned value management only focuses on project schedule (SPI) and cost (CPI), and does not address other important aspects of health, safety, stakeholder satisfaction and quality. The effects of uncertainty such as risk lead to inconsistent EAC results obtained by standard formulas. To address this issue, various key performance indicators are included in the Risk Performance Index (RPI). Using SPI, CPI and RPI, an integrated model was developed to get a better EAC. Hong Long Chen [2] proposed a simple model to improve the accuracy of project plan value estimates before project execution and introduced an average absolute percentage error. The improvement of the model improves the initiative of prediction. Abdel Azeem SA (2014) [3] , Jeroen Colin (2015) [4] combined with various empirical data and project data sets, using simulation models and quantitative research models to compare and analyze the output of project performance evaluation methods. The most effective project performance assessment method. Kim, B. [5] proposed adding the Kalman filtering method to the project prediction, but did not provide a specific procedure. Zheng Shengqin [6] introduced the improved factor analysis method into the cost deviation analysis of earned value management, which improved the analysis ability of traditional earned value method. Wang Jiamin [7] is unable to achieve an accurate and effective cost-schedule integrated control for engineering construction projects with frequent uncertainties at present, and to improve the earned value method.
The above research has optimized and improved the prediction function in the traditional method by introducing mathematical optimization methods and models into the earned value management system, and has obtained many valuable research results. However, the researchers have found through literature review that there are two situations that are worthy of further study. First, the current research is based on the project earned value management forecast based on the state indicators of the project monitoring time point, and the project execution efficiency before the monitoring time point is considered less. Second, through research, the performance evaluation results in the implementation process are not in accordance with the actual two states: Because the actual execution of the project deviates from the plan, there is another situation because the singularity point appears in the project execution data, that is, the point where the data around the observation point fluctuates greatly. Therefore, the article attempts to introduce the Kalman filter method (KFFM) into the earned value completion prediction calculation to improve the prediction method.
Problems in Earned Value Forecasting
Here, a specific project example is used to describe the problems in the earned value forecast. Suppose a project has a planned completion budget of 5 million yuan and a completion time of 12 months. The project is monitored once a month. Figure 1 is the earned value performance chart of the project for 9 months. Based on the performance information shown in the figure, the traditional earned value method is used to predict the progress performance and cost performance, and the estimated project completion cost and project forecast are obtained. The completion period. The estimated completion cost of the project and the expected completion period of the project are calculated by t=1, t=4 and t=9. The data results are shown in Table 1 . For the performance performance prediction and cost performance prediction results of t=1, t=4, and t=9, combined with the progress performance index and cost performance index chart of Figure 1 , it is found that the project performance information occurs at t=4. The traditional earned value management method predicts that the completion result deviates too much from the actual situation when the singularity occurs,so the guiding significance of the project is not very well. Therefore, some scholars suggest that the previous performance information cannot be used to predict the future, but should assume the residual cost/progress. According to the original plan efficiency [13] [14] . However, this method of completion prediction does not reflect the efficiency of implementation, nor can it scientifically explain the future development trend. Because the article introduces the Kalman filter method into the earned value prediction, by combining the historical performance information to dynamically predict the project completion information, it can avoid the influence of the "singular point" on the prediction result and facilitate the decision and control of the project manager.
Construction of Earned Value Prediction Model for Large Projects Based on KFFM
It is assumed that the project performance evaluation indicators are distributed in a linear and discrete manner. The three basic earned value indicators of each observed time are sorted and calculated, and the earned value performance evaluation indicators, namely the cost performance evaluation index CPI and the progress performance evaluation index SPI. According to the basic principles of Kalman filtering and earned value method, the Kalman filter state equation and measurement equation are:
The performance evaluation index of the earned value method is calculated as:
The formula of the Kalman filter of CPI is:
Similarly, the Kalman filter formula of SPI is obtained:
where w k1 , v k1 are the measurement error and state error of CPI, respectively, and w k2 and v k2 are the measurement error and state error of SPI, respectively. According to the relationship between the above variance groups, firstly, the EV, PV and AC values are input by Excel software, and the earned value measurement values of CPI and SPI are obtained. Then, using MATLAB software, the Kalman filter and earned value are compiled with CPI and SPI as variables respectively. The method combines the algorithm: the CPI and ∆CPI that have been executed by the project are used as the initial variables of cost performance filtering, and SPI and SPI are used as the initial variables of the schedule performance filter, which are input into the Kalman filter model for data optimization.
Example Analysis
Using a real estate construction project data for calculation and analysis, the total construction area of the project is about 550,000 square meters, and there are about 1,000 households, including two types of high-rise buildings and multi-storey buildings. The project is expected to be completed for 61 weeks, and the project is expected to be finalized. The cost is 595.38 million yuan. The forecast results in the project implementation process are quite different from the actual ones. As a result, the project managers have taken inappropriate decisions during the project construction process, resulting in the project's final cost overrun and delay. The actual implementation of the project is shown in Table 2 . The data changes are shown in Figure 2 . At the 26th week of project execution, there is a singularity in execution performance. The earned value analysis and the earned value method after optimization are analyzed by the example. The comparative analysis results are shown in Table 3 and Table 4 : It is known from Figure 2 that the project performance index reaches the lowest level in the 26th week, and the progress performance index reaches the highest. The Kalman filter optimized data is selected to calculate the performance evaluation index of the point, and the prediction result is corrected. From the comparison of the prediction results before and after the optimization of Table 3  and Table 4 , the estimated earning cost is estimated to be 127,137,300 yuan by the traditional earned value method at the 26th week, and the estimated earned cost of the optimized earned value method is 77,957,300 yuan; the traditional earned value method The predicted completion period is 29 weeks, and the optimized earned value method predicts the completion period of 46 weeks. After that, the current observation time is used to correct the expected completion of the project in Figure 3 .
Taking the 26th week observation time as the starting point of the prediction, comprehensively considering the optimized cumulative cost value and the optimized predicted completion time, and pushing back, plot the planned cumulative value curve, the traditional method prediction curve, and the filtering method to predict the trend line. Scatter plot.
Summary
This paper constructs a large-scale project earning value prediction model based on Kalman filtering method. Through the above research work, the following conclusions are drawn:
(1) The model obtains the performance evaluation index that is closer to the real state by combining all the historical data of the project execution performance, so as to calculate the prediction result closest to the actual result.
(2) In the implementation process of the project, there is often a situation where the performance evaluation result is inconsistent with the actual situation, that is, the singularity. The occurrence of singularities is usually not related to work efficiency, but is caused by other uncertain factors, such as: major problems found in construction are forced to stop work, equipment is not in place as planned. The earned value model optimized by Kalman filter can effectively filter out the singular points when the singular points appear in the project monitoring process, so that the appearance of the singular points does not have much influence on the final completion of the project.
